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Abstract—Wave energy converters (WECs) need to be deployed
in large numbers in an array layout in order to have a significant
power production. Each WEC has an impact on the incoming
wave field, diffracting, reflecting and radiating waves. Simulating
the wave transformations within and around a WEC farm is
complex; it is difficult to simulate both near field and far
field effects with a single numerical model, with relatively fast
computing times. Within this research a numerical tool is devel-
oped to model both near-field and far-field wave transformations
caused by WECs. The tool consists of a novel 2-way coupling
method between a wave-structure interaction solver and a wave
propagation model. The first is based on the Smoothed Particle
Hydrodynamics (SPH) formulation, which allows for fully non-
linear simulations with a high resolution. The latter is based
on the non-linear potential flow theory, which is characterised
by fast computation times and the ability to simulate large
domains. This paper presents the feasibility of using SPH in
WEC modelling, discusses the coupling methodology between
the two solvers and illustrates the functionality with a proof-
of-concept. The results are compared to other numerical models
and experimental data and indicate that SPH modelling is an
accurate option in modelling wave transformations within WEC
arrays.
Index Terms—Smoothed Particle Hydrodynamics, Coupling,
Wave Energy, Radiation, Diffraction
I. INTRODUCTION
The deployment of multiple floating wave energy converters
(WEC) at an offshore location influences the incident wave
field by reflection, diffraction and radiation. The superposition
of these phenomena results in a complex perturbed wave
field [1]. In order to accurately simulate wave propagation
through a WEC farm, both near field and far field effects
need to be accounted for. The wave reduction in the wake of a
WEC farm, can only be modelled accurately when taking into
account the redistribution of wave energy behind the individual
WECs caused by diffraction and radiation [2]. This can be
achieved by coupling of different solvers for the near field
and far field. For linear simulation over variable bathymetry,
there have been studies coupling a wave propagation solver
and a BEM potential flow solver [3], [4]. However, real sea
and storm conditions are characterized by irregular, 3D waves
with the occurrence of non-linear effects. For this reason a
novel coupling methodology is suggested, where a fast wave
propagation model (OceanWave3D [5]) accounts for the far
field effects. The model is selected since it is applicable
in both deep and shallow water, is fully non-linear, three-
dimensional and has proven to provide accurate results [6]–
[9]. The wave-structure interaction model DualSPHysics [10],
based on the smoothed particle hydrodynamics formulation
is applied for the near field effects. The software supports
GPU-enabled simulations, which provide a drastic reduction
of computation time, which is of significant importance for the
combined performance of the coupled model. The combined
model allows for simulation of WEC devices in higher order
irregular waves and more extreme wave conditions.
Smoothed particle hydrodynamics (SPH) is a flexible La-
grangian and mesh-less technique for computational fluid
dynamics. The Lagrangian reference frame of SPH makes
it useful in solving problems with large deformations and
distorted free surfaces. In comparison with other numerical
methods, the SPH formulation is simple and robust [11]. SPH
has been successfully applied to a number of free-surface
problems that involve wave breaking and splashing [12], [13].
The impact between a rigid body and water has been studied
in [14]. A fixed cylinder in a wave train and forced motion of
cylinders generating waves is mentioned in [15], while floating
bodies in waves have been successfully studied in 2D [16]. 3D
problems of wave generation by a heaving cone and a floating
body in waves undergoing predominantly heave motion are
investigated in [17]. The latter has also indicated that there
is a large benefit of calculating with a variable particle mass
distribution.
Regarding coupling methodologies, the SPH solver has been
applied in a study where a one-way coupling was realized
between a wave propagation model and the SPH model [18].
However, in the proposed coupling, information is shared in a
two-way principle, resulting in a more accurate solution. The
SPH model receives detailed information on the wave kinemat-
ics from the wave propagation model, while the transformed
kinematics resulting from the wave-structure interaction and
the perturbed free surface are transferred back to the wave
propagation model.
Ideally, the coupling is performed as illustrated in Fig. 1.
A large domain is set up for propagating fully non-linear,
short-crested 3D waves. In the center zone, a WEC farm is
installed. Each device is modeled in a circular SPH zone,
with a custom designed interface for exchanging information
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between the two models. Based on the previous research
mentioned, we can assume that floating bodies can be modeled
accurately. However, no focus has been put on investigating
the radiation and diffraction around the WEC devices. In this
study, the feasibility of an SPH model for simulating the
wave transformations around WEC devices is researched by a
number of numerical experiments:
Incident
waves
SPH
OceanWave3D
A A'
Section AA'
WEC
Interface
WEC
SPH
SPH
SPH
SPHSPH
Fig. 1. Top view and longitudinal section of the coupling principle. Circular
SPH zones with a WEC device in the center are coupled to a wave propagation
solver. Information is transferred at the interfaces in front and at the back of
the device
• WEC Radiation: the radiated field of a WEC device
is modeled in a circular wave basin and compared to
a linear solution, obtained with a linear potential flow
solver (Nemoh [19]).
• WEC Diffraction: the diffracted field of a single and
multiple WEC devices are modeled in a rectangular wave
basin and compared to a linear solution (Nemoh).
• Wave-structure interaction: a single WEC device is mod-
eled in a numerical wave flume and compared to exper-
imental results with a single heaving WEC. The tests
consist of a free-decay test and the heaving response to
a regular wave train.
• Coupling mechanism proof-of-concept: a two-way cou-
pling between the wave propagation model (Ocean-
Wave3D) and the SPH model is constructed in 2D. The
simulations need to proof that the coupling mechanism
works and can be extrapolated to 3D.
The paper is structured as follows. In the second chapter
of this paper, after the introduction, the radiated waves of
a heaving cylindrical body are studied. Next, the diffraction
pattern around the same body is discussed in chapter 3.
Chapter 4 and 5 compare the response of a heaving WEC
to experimental test results. Next, the coupling mechanism
to combine near field and far field wave transformations is
discussed in chapter 6. Lastly, concluding remarks are made
on the applicability of an SPH solver in modeling wave
transformation through WEC arrays.
II. WAVE RADIATION
A. Methodology
The set-up of the radiation test is illustrated in Fig. 2. A flat,
cylindrical body is forced with a heaving motion in the center
of a circular water tank. The sidewalls are sloped to absorb
radiated waves and avoid reflection. The specific parameters
for the model of radiated waves of a heaving cylindrical body
are given in Table I.
WEC
Fig. 2. Set-up of numerical radiation test.
TABLE I
RADIATION TEST PARAMETERS
Parameter Symbol Value
WEC diameter DWEC 10m
Basin Diameter, bottom Dbasin 20m
Slope, side walls α 23◦
Water depth d 4m
Heave amplitude A 0.5m
Particle size dp 10/5cm
Simulation time tsim 10s
The conditions are selected in order to make sure the
radiated waves are as close to linear as possible. The flat cylin-
drical shape is specifically selected to have a large radiating
potential. The radiated waves have a maximum amplitude of
0.2m. The recommendation is to have at least 4 fluid particles
per wave amplitude, hence the particle size of 0.05m. For
comparison purposes, a coarser model with dp = 0.1m is also
run. In order to have perfect linear waves with this amplitude,
the water depth should be at least 15m. This would lead to
an amount of fluid particles the GPU memory can not handle.
For this reason the radiated waves are just outside the linear
2679-
range (stokes 2nd order). However, the 2nd order effects will
remain small justifying the comparison with a linear potential
flow solver. This set-up results in a domain with 23.4 million
particles, calculating on a GTX1070 GPU with 1920 CUDA®
cores for 42h.
In order to check the accuracy of the radiated waves, a
comparison is made with a boundary element method (BEM)
solver, called Nemoh. The solver treats the boundary value
problem in the frequency domain; leading to the full flow
field underneath the body. From this flow field several other
quantities are calculated:
• The hydrodynamic coefficients: added mass and hydro-
dynamic damping;
• The pressure field on the body surface and the Froude-
Krylov forces;
• Far field diffracted and radiated velocity potential in the
form of Kochin functions;
• Near field diffracted and radiated surface elevation in a
complex form.
Here, the last quantity is used for the comparison, from
which the instantaneous radiated field can be calculated with
equation 1:
ηrad(t) = ℜ
{
A · (−iω) · |X| eiϕX · |R| · eiϕRe−iωt
}
(1)
with A the heave amplitude, X the response amplitude
operator, ω the angular frequency and R the complex radiated
wave field coming from Nemoh.
B. Results
The forcing of radiated waves is compared to a linear so-
lution obtained by Nemoh. The surface elevation is compared
in the time domain at two locations: one is 3m away from the
edge of the cylinder, while the other is close at 0.1m. Secondly
the free surface elevation is compared at a fixed time step of
4.5s, in function of the distance from the cylinder.
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Fig. 3. Comparison of free surface elevation at ∆r = 3.0m
1) Comparison at 3m : The comparison between the linear
Nemoh results and the SPH results for two different dp
values is illustrated in Fig. 3. It is clear that the overall
shape of the radiated wave is similar to the linear solution.
However, there are some differences noticeable. The coarse
model overestimates the wave trough, which can be explained
by the limited accuracy due to a particle size of dp = 0.1m.
The finer SPH model coincides more with the linear solution.
There is a slight asymmetry to the wave profile, which can be
explained by shallow water principles where the wave crest is
propagating faster than the wave trough. Important is to notice
that the amplitude of the radiated wave is within 5% of the
Nemoh solution.
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Fig. 4. Comparison of free surface elevation at ∆r = 0.1m
2) Comparison at 0.1m : Looking at the radiated field
closer to the heaving cylinder, the comparison is illustrated
in Fig. 4. A similar conclusion can be made as with the
comparison further away from the cylinder. Overall there is a
good correspondence between the linear solution and the SPH
solution, with better results for the finer particle size. Here, the
wave trough of the fine SPH solution is slightly higher than
the linear solution. However, the difference is smaller than one
particle size dp. Alternatively, the difference can be explained
by the occurrence of second order effects due to the shallow
water depth.
Nemoh SPH Coarse SPH Fine
x [m]
et
a 
[m
]
0
0.218
-10 -5.5
Fig. 5. Comparison of radiated free surface elevation at t = 4.5s
3) Comparison at 4.5s : Lastly, a comparison is made at
a fixed time step, where the wave profile is studied for all 3
models. The time step is selected based on the occurrence
of a wave crest directly next to the heaving cylinder. In
Fig. 5, it is clear that the finer SPH solution corresponds
significantly better to the linear Nemoh solution. There are
some fluctuations around the linear solution, but all are smaller
than 0.03m, which is well below the particle size.
4) Conclusion: DualSPHysics is capable of modelling
wave radiation caused by a heaving WEC. Selection of a fine
particle size leads to an accurate solution, where the variations
with respect to a linear solution remain below 0.6dp.
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III. WAVE DIFFRACTION
A. Methodology
The set-up of the diffraction test is illustrated in Fig. 6. A
cylindrical body with spherical bottom is kept stationary. A
wave paddle generates regular waves coming from the left
boundary, hitting the stationary WEC. Waves are reflected
back to the paddle and diffracted to the sides of the domain.
The right part has an upwards slope, in order to avoid reflection
at the end of the flume. The side walls are modeled with a
so-called periodic boundary condition, implicating that there
is a symmetry around the x-axis. In this manner, there is no
reflection coming from the side walls. The specific parameters
for the model of diffracted waves around a fixed WEC are
given in Table II.
WEC
Fig. 6. Set-up of numerical diffraction test.
Again, the results are compared to a BEM solution coming
from Nemoh. The instantaneous diffracted field and incident
wave field can be calculated with the equations 2–3:
ηinc(t) = ℜ
{
A · ekx−iωt
}
(2)
ηdif (t) = ℜ
{
A · |D| eiϕD · e−iωt
}
(3)
with A the wave amplitude, k the wave number, x the
x-coordinate, ω the angular frequency and D the complex
diffracted wave field coming from Nemoh.
B. Results
Incident waves are hitting a fixed WEC device and are
diffracted and reflected. The free surface elevation is compared
in the time domain to a linear solution obtained by Nemoh at
two locations: one is 1m in front of the WEC device, while
the other is 1m behind it. Secondly, the free surface elevation
is compared at a fixed time step of 14s, in function of the
distance of the numerical wave flume.
1) Comparison at 1m in front of the WEC : The com-
parison between the linear Nemoh results and the SPH result
is illustrated in Fig. 7. It is clear that the correspondence of
the diffracted wave is similar to the linear solution. However,
the wave crest of the SPH solution is 7% higher than the
Nemoh solution. The difference is smaller than the particle
size dp = 0.02m. In front of the WEC, slight reflection is
TABLE II
DIFFRACTION TEST PARAMETERS
Parameter Symbol Value
WEC diameter DWEC 0.315m
WEC draft TWEC 0.3232m
Basin Length Lbasin 12m
Basin Width Wbasin 4m
Slope, beach α 20◦
Water depth d 1m
Wave Height H 0.2m
Wave Period T 2.0s
Particle size dp 0.02m
Simulation time tsim 15s
expected. Analysis of the SPH results leads to a result of 5%
reflection immediately in front of the device, which is close
to the 3%, predicted by Nemoh.
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Fig. 7. Comparison of free surface elevation at ∆r = −1.0m (in front of
the WEC)
2) Comparison at 1m behind the WEC : Looking at the
diffracted field behind the fixed WEC device, the comparison
is illustrated in Fig. 8. A similar conclusion can be made
as with the comparison in front of the WEC device. Overall
there is a good correspondence between the linear solution
and the SPH solution. Again, all differences are smaller than
one particle size dp. Behind the WEC, a reduction of wave
amplitude is expected. Analysis of the SPH results leads to a
result of 10% wave reduction immediately behind the device,
while Nemoh predicts a reduction of 6%.
3) Comparison at 14s : Lastly, a comparison is made
at a fixed time step, where the wave profile is studied for
both SPH and Nemoh. The time step is selected based on
the occurrence of a wave trough in front of the WEC and
a crest directly behind the WEC. In Fig. 9, it is clear that
the SPH solution corresponds to the linear Nemoh solution
with variations smaller than dp, at a certain distance from the
WEC. There are larger errors close to the WEC, exceeding
the particle size dp.
4) Conclusion: DualSPHysics is capable of modelling
wave diffraction around a fixed WEC. In front and behind the
device, at some distance, the variations with respect to a linear
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Fig. 8. Comparison of free surface elevation at ∆r = 1.0m (behind the
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Fig. 9. Comparison of diffracted free surface elevation at t = 14s
solution remain below 0.8dp. Close to the device, variations
are larger up to a maximum difference of 2.5dp. However, the
real water surface close to a fixed device is characterized by
non-linear effects like wave run-up, viscosity and turbulence.
In this aspect, the linear Nemoh solution will be less accurate
than the SPH model.
IV. COMPARISON WITH EXPERIMENTAL RESULTS: FREE
DECAY
A. Methodology
In this section a free decay test is performed and compared
to experimental data. A free decay test is a simple experiment
allowing to discover the resonance period of a device and
the hydrodynamic damping. These parameters strongly depend
on the mass of the device, the water surface area and the
shape. The experimental data originates from [20] and has
previously been used to validate an OpenFOAM CFD model
in [21]. Since the floating device is a long cylinder, lying on its
side, the 3D experiment can be simplified to a 2D numerical
simulation. The heaving cylinder has a diameter of 0.1524m.
The device is positioned in a wave flume with a length of 4m
and a water depth of 1.2446m. The device is pushed down
over a distance of 0.0254m and released. The decay motion
is registered with a linear variable differential transformer
(LVDT). In the numerical model, at the flume boundaries,
a periodic boundary condition is applied to avoid reflection
of the radiated waves. The SPH simulation is performed at
3 different particle sizes. The specific parameters used in the
SPH model are mentioned in Table III.
WEC
Fig. 10. Set-up of numerical decay test.
TABLE III
FREE DECAY TEST PARAMETERS
Parameter Symbol Value
WEC diameter DWEC 0.1524m
WEC draft TWEC 0.0762m
Initial deflection q0 −0.0254m
Basin Length Lbasin 4m
Water depth d 1.2446m
Particle size dp 1/0.5/0.25mm
Simulation time tsim 2.5s
B. Results
The decay motion is simulated with the SPH model at
three different particles sizes: dp = 0.001m, dp = 0.0005m
and dp = 0.00025m as illustrated in Fig. 11. Both axes are
normalized, in order to compare directly to the results of
[21]. The y-axis is normalized by dividing with the initial
position z0, while the x-asis is the normalized time, defined
as t ∗
√
g/r with t the real time, r the WEC radius and g the
gravitational acceleration. The coarse SPH model already has a
good correlation with the experimental data, but there is some
discrepancy at the extremes. However, going to a medium or
fine particle size drastically improves the correspondence to
the experiment: variations for the coarse size are around 2dp
while the finer sizes have variations lower than 1dp. The fine
SPH simulation is only marginally better than the medium
simulation: variations remain just below 1dp. In practice, the
medium grid size would be used, since it results in a 4 times
faster computation time.
V. COMPARISON WITH EXPERIMENTAL RESULTS:
REGULAR WAVES
A. Methodology
In addition to the free decay test, a test in regular waves is
performed. The regular wave train has a wave height of 0.04m
and a wave period of 1.6s. The purpose of this test is to verify
that the device’s response to incident waves is accurate. The
wave flume and WEC device are the same as described in
[22]. The WEC device is restricted to the heave motion by a
vertical rod with a square cross section. The WEC is guided
over the rod by teflon bearings. The numerical simulation is
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Fig. 11. Comparison of decay motion of a heaving cylinder.
performed in 2D, since there is no interest here in diffracted
wave patterns.
WEC
1 2 3 4
Fig. 12. Set-up of regular wave response test.
TABLE IV
REGULAR WAVE TEST PARAMETERS
Parameter Symbol Value
WEC diameter DWEC 0.315m
WEC draft TWEC 0.3232m
Basin Length Lbasin 10m
Basin Width Wbasin 1m
Slope, beach α 11◦
Water depth d 0.7m
Wave height H 0.04m
Wave period T 1.6s
Particle size dp 0.001m
Simulation time tsim 10s
B. Results
The heaving motion of the WEC is compared to the ex-
perimental results in Fig. 13. The results shows the WEC is
heaving with a slightly larger amplitude in the SPH model (up
to 15%) as in the experimental data. This can be explained
by the extra friction caused in the experiment by the Teflon
bearings on the vertical shaft.
Time [s]
SPH Experiment
z 
[m
]
-0.03
0.03
Fig. 13. Comparison of the heaving motion of the WEC, positioned at x =
4.95m.
The perturbed wave field, a combination of incident, ra-
diated and diffracted waves is compared to the experiment
on 4 locations (Fig. 12), as illustrated in Fig. 14. The wave
generation in the experiment is characterised by a gradual
build-up. In the numerical experiment, the full wave height
is reached reasonably fast to minimize the simulation time.
Consequently, there is a low correspondence in the beginning
of the simulation. The first comparison is at 3m in front of the
wave paddle, where the incident wave is compared. Here, it is
seen that in both the SPH model and the experiment there is
a good correspondence. The second graph shows the surface
elevation at x = 4.6m, or 0.35m in front of the floating WEC.
Here, the results are almost identical between the SPH model
and the experimental data, proving that the WEC device in
both the experiment and the model are excited by the same
wave.
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Fig. 14. Comparison of the perturbed wavefield at severial locations: x1 =
3.0m, x2 = 4.6m, x3 = 6.25m, x4 = 7.8m
The third measuring point is at x = 6.25m, or 1.35m behind
the WEC device. Here, there is a significant difference of up
to 50% between the SPH model and the experimental data.
In the SPH simulation, there is a significant decrease in wave
amplitude of 45% behind the WEC, while this is not the case
in the experiments. Additionally, there is a clear asymmetry
in the wave signal. This can be an effect of performing the
simulation in 2D. In the near future, a full 3D simulation of the
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same test case will be performed. Finally, the surface elevation
is compared at x4 = 7.8m, where the wave amplitude of the
SPH model is still smaller than the experimental data, but the
effect is much less pronounced (only 30% difference vs. 50%
at location 3).
VI. COUPLING MECHANISM
A. Methodology
As mentioned before, SPH simulations are very compu-
tationally intensive. The data output required from a WEC
SPH model is often limited to a zone closely spaced around
the floating WEC. However, there is a spatial need for wave
generation and wave absorption, around 3 − 4 wavelengths
long. This leads to a significant increase in water particles,
and thus higher computation times. Moreover, wave generation
techniques available in DualSPHysics are limited to first and
second order wave generation by using piston-type or flap-type
wave paddles. Since the specific interest of using SPH models
is in studying the non-linearities in response to higher-order
waves, there is a need for a more complex wave generation.
In an attempt to answer both the problem of speed and
the problem of wave generation, a coupling methodology as
illustrated in Fig. 17 is developed. As a first proof-of-concept,
a 2D wave flume is created where waves are propagated within
a 2-way coupled model. In the large computational domain,
fully non-linear waves are generated by a wave propagation
software package called OceanWave3D. This tool supplies the
model with both the surface elevation and horizontal and verti-
cal wave kinematics over a varying bathymetry. The fully non-
linear potential flow equations are solved over a rectangular
grid, which is split up in vertical layers. Within the center of
the OceanWave3D model, a small SPH model is nested with
moving boundaries at both sides of its domain. The moving
boundaries are a stack of rectangular blocks, with a height
equal to the SPH particle size dp. By integrating the velocity
profile, supplied by OceanWave3D, the horizontal position of
the boundary blocks can easily be found by applying Equation
4:
xi+1 = xi + vi ·∆t (4)
For every time step in OceanWave3D ∆tOW3D, the SPH
model is run with a significantly smaller (variable) time step
∆tSPH . When the SPH simulation time equals ∆tOW3D,
information is transferred back to OceanWave3D. In the cur-
rent version, only the surface elevation is transferred back
to OceanWave3D. However, a stronger coupling could be
achieved when the wave kinematics are coupled back as
well. Since OceanWave3D is a potential flow solver, there
is a need to integrate the horizontal water velocities, coming
from SPH, to the OceanWave3D grid locations. This estimate
can be obtained by assuming irrotational flow and expressing
Equation 5:
u =
∂φ
∂x
(5)
The coupled model is run over 3 processes within an
openMPI implementation (see Fig. 15). The first process is
a python code which is used for the set-up of the model and
processing of data transferred from one model to another. The
second process is the OceanWave3D numerical wave flume
in which openMPI is used to send the velocity profile at the
the OW3D-SPH interface to the python process. After the SPH
simulation, this process receives surface elevation and velocity
information from the python process. The third process is
the DualSPHysics process. Here, the position of the moving
boundary blocks is received by the python process.
OW3D
Fig. 15. Program structure of 2D coupling between Oceanwave3D and
DualSPHysics.
After the simulation, the velocity is interpolated on the
OceanWave3D grid and sent to the python process. To ensure a
smooth transition between the DualSPHysics free surface and
the OceanWave3D free surface, relaxation zones are applied
(see Fig. 16). The applied relaxation function frel is given in
Equation 6, with L the length of the relaxation zone.
frel =
(
x− x0
L
)3.5
(6)
WEC
WEC
OW3D SPH
Fig. 16. Sketch of relaxation zones providing a smooth transition between the
OceanWave3D domain and the DualSPHysics domain (SPH zone is indicated
with light blue background).
B. Proof-of-Concept
1) one-way coupling of a regular wave: First, a one-way
coupling with a regular wave (H = 0.1m, T = 2.0s) is dis-
cussed. The coupling method is only applied in one direction.
There is only an information transfer from OceanWave3D to
DualSPHysics. This means that first a complete OceanWave3D
simulation is performed, and then the velocity information of
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Fig. 17. Principle of 2D coupling between Oceanwave3D and DualSPHysics.
that run is used as an input for the moving boundaries in
DualSPHysics. The result is illustrated in Fig. 18. There is
a good correspondence between the both models, with SPH
sligthly overestimating with a difference of 0.9dp.
OceanWave3D SPH
Time [s]
z 
[m
]
2 8
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Fig. 18. Time series comparison in the centre of the coupling zone of a regular
wave with H = 0.1m and T = 2.0s between a separate OceanWave3D
simulation and a 1-way coupled SPH simulation.
2) one-way coupling of an irregular wave: Next, the same
one-way coupling strategy is applied, but for an irregular wave
(Hs = 0.1m, Tp = 2.0s). The result is illustrated in Fig.
19. Again there is a very good correspondence between both
models, with a maximum variation of 1dp.
-0.05
0.09
0
z
[m
]
OceanWave3D SPH
Time [s]0 20
Fig. 19. Time series comparison in the centre of the coupling zone of
an irregular wave with Hs = 0.1m and Tp = 2.0s between a separate
OceanWave3D simulation and a 1-way coupled SPH simulation.
3) two-way coupling of an irregular wave: The purpose
of coupling both models is to benefit from the detailed water
surface information from the SPH model. This means a 2-way
coupling is necessary to have a higher accuracy in the SPH
zone and see the influence of the transformed surface elevation
in the OceanWave3D model. Therefore, the 2-way coupling
method is demonstrated in Fig. 20. Here, the surface elevation
of the SPH model is transferred back to the OceanWave3D
model. Logically, this means that for both models the surface
elevation is the same, since this is imposed.
OceanWave3D SPH
Time [s]0 20
-0.05
0.1
0
z
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]
Fig. 20. Time series comparison in the centre of the coupling zone of an
irregular wave with Hs = 0.1m and Tp = 2.0s within a 2-way coupled
SPH-OceanWave3D simulation.
4) two-way coupling with a floating WEC: The final con-
figuration of the two-way coupled model includes a heaving
WEC device in the middle of the SPH domain. In Fig. 21,
it is seen that the WEC device heaves along with the waves,
with a small phase difference. The incoming wave frequency
is lower than the WEC’s resonance frequency, resulting in a
heave amplitude equal to the incident wave amplitude.
VII. CONCLUSION
In this paper, the feasibility of using Smoothed Particle
Hydrodynamics as a module within a coupled numerical
modelling tool for wave energy converter arrays is discussed.
The ability of SPH to model wave radiation, wave diffraction
and WEC motions is investigated. Additionally, a first proof-
of-concept of a 2-way coupling methodology between the
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Fig. 21. Time series comparison in the centre of the coupling zone of a
regular wave with H = 0.1m and T = 2.0s and a cylindrical shape within
a 2-way coupled SPH-OceanWave3D simulation.
wave propagation model OceanWave3D and the SPH model
DualSPHysics is demonstrated. Based on the results of this
research, the following conclusions can be drawn:
• Smoothed Particle Hydrodynamics is a viable method to
model the wave transformations within WEC modelling;
• It can mainly be meaningful in wave conditions, char-
acterized by significant non-linearities, shallow water,
extreme waves or even breaking waves;
• Due to considerably long computation times (approxi-
mately 0.7 hours for 1 second of simulation time with 1
million particles), it is necessary to keep the SPH domain
as small as possible;
• Coupling a small SPH domain within a larger wave
propagation domain can be used to model wave trans-
formations within WEC arrays.
The research performed within this paper is a work-in-
progress. This first study justifies the continuation of the
research, where the focus should be put on the following
objectives:
• Optimization of the 2D coupling methodology: minimiz-
ing reflection, optimizing continuity between both models
and coupling of the full wave kinematics instead of only
the surface elevation;
• Development of a 3D coupling methodology with main
focus on circular wave generation boundaries within a
larger wave propagation domain;
• Constructing a test case with variable bathymetry, ex-
treme irregular waves and inclusion of a moored, floating
WEC device, moving in 6 degrees of freedom.
• Validation of the model with experimental data (e.g.
WECwakes data [1])
• Calculate wave energy extraction from arrays installed in
offshore locations.
• Optimisation of WEC array configurations under real
conditions.
In conclusion, this paper has proven the validity of SPH
as a numerical tool for modelling WEC motion and wave
transformations, and provided a proof-of-concept of a first
version of a 2-way coupled simulation model.
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